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Methods: In more than 2000 men and women born in 1946, we tested associations between BMI
gain at 15, 20, 26, 36, 43, and 53 years with respect to the previous measure (gain at age 15 years
with respect to BMI at age 11 years), and semantic fluency (animal naming) and cognitive reserve
(the National Adult Reading Test) at age 53 years, and verbal memory (word list recall) and
speed/concentration (letter cancellation) at ages 43 and 53 years. Measures of BMI gain were ad-
justed in stages for childhood intelligence, education, socioeconomic position (SEP), lifestyle, and
vascular risk factors.
Results: Independent of childhood intelligence, BMI gain between ages 26 and 36 years was asso-
ciated with lower memory scores (b per SD increase in BMI in men 5 20.11; 95% confidence in-
terval [CI]: 20.19, 20.02), verbal fluency (b in women 5 20.11; 95% CI: 20.20, 20.02), and
lower National Adult Reading Test score (b in women 5 20.08; 95% CI: 20.15, 20.01), but not
with speed/concentration (b in men 5 0.02; 95% CI: 20.11, 0.07). Associations were largely ex-
plained by educational attainment and SEP (P  .10). However, BMI gain at 53 years in men was
independently associated with better memory (b5 0.12; 95% CI: 0.03, 0.22), and both underweight
(b 5 21.54; 95% CI: 22.52, 20.57) and obese (b 5 20.30; 95% CI: 22.52, 20.57) women at
53 years had significantly lower memory scores.
Conclusion: The adverse effect of higher BMI gain on midlife cognitive function and cognitive
reserve is independent of childhood intelligence but not of education and SEP. The independent
association between greater BMI gain in midlife and better cognitive function deserves further inves-
tigation.
 2012 The Alzheimer’s Association.Open access under CC BY license. Keywords: Epidemiology; Cognitive function; Body size; Adiposity; Vascular risk factors1. Introduction
The graying of societies worldwide will be responsible
for a steep rise in dementia cases in the coming years, and
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Open access under CC BY licecation of modifiable risk factors for dementia onset and
severity, including vascular [2], metabolic [3], and nutri-
tional [4] factors, has received increasing attention in the
past decade. High adiposity is a global epidemic [5], and
its link with dementia is biologically plausible [6] and of
great public health importance; however, the nature of the
association is complex and ambiguous [7]. On one hand,
lower body size and weight loss can precede the onset of
the disease by decades [8,9], probably as a biomarker ofnse. 
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iposity in early midlife (i.e., before 40 years) has been shown
to be associated with dementia [11,12], lower cognitive
function [13], and steeper cognitive decline in late midlife
(50 years) [14]. It is possible, however, that the direction
of this association changes with age in the same individuals,
which a longitudinal approach based on multiple measures
of body mass index (BMI) across the life course may help
clarify. The 1946 British birth cohort study provides a unique
opportunity to investigate this in a large, prospective,
population-based study with repeated measures of height
and weight across adulthood, cognitive function tested in
late midlife, and a wide range of potential confounders.
Our aim was to test associations between BMI change at
multiple ages from adolescence through midlife, and midlife
cognitive function and cognitive decline, adjusting for child-
hood intelligence, educational attainment, socioeconomic
position (SEP), mental health, and a range of cardiovascular
risk factors. We hypothesized that BMI gain in early adult-
hood is independently associated with faster cognitive
decline in late midlife and with lower general cognitive abil-
ity at the same age.2. Methods
2.1. Participants
The Medical Research Council (MRC) National Survey
of Health and Development (NSHD) is a socially stratified
cohort of 5362 newborns sampled from all the single legiti-
mate births that occurred during 1 week in March 1946 in
England, Scotland, and Wales. Extensive information on so-
ciodemographic circumstances, health, and cognitive func-
tion has been obtained in adolescence and regularly
thereafter [15]. In adulthood, data were collected during
home visits by trained research nurses. In 1989 and 1999,Fig. 1. The National Survey of Health and Development. Examination years and r
covariate measures relevant to the present study have been assessed. Abbreviation
economic position; BP, blood pressure; GHQ, General Health Questionnaire; HbAdata were collected on 3262 and 3035 study members,
respectively, who were, in most respects, representative of
the U.K. population of a similar age [16]. The North Thames
Multicentre Research Ethics Committee and local boards
approved the study, and informed consent was obtained
from all participants.2.2. Procedures
Years and corresponding ages at each NSHD follow-up
are illustrated in Fig. 1.
The outcome in the present study was cognitive function
assessed in midlife. Verbal memory was assessed at 43 and
53 years by a three-trial 15-itemword list learning task (max-
imum score5 45) devised by the study. Verbal fluency at 53
years was measured as the total number of different animals
named in 1minute. General verbal ability (cognitive reserve)
was assessed at 53 years using the National Adult Reading
Test (NART) [17], with the score inverted so that higher
values (maximum5 50) represented better performance. At-
tention, speed, and concentrationwere assessedusing avisual
letter search task at 43 and 53 years [18].At ages 11, 15, 36,
43, and 53 years, weight (in kilograms) and standing height
(in centimeters) were measured according to standard proto-
col, and BMI (weight [kg]/height [m]2) was calculated and
also categorized according toWorldHealth Organization cri-
teria (BMI of ,18.5 5 underweight; 18.5–24.9 5 normal
weight; 25–29.9 5 overweight; 30 5 obese). Height and
weight were self-reported at 20 and 26 years.
Childhood cognitive ability, which was treated as a po-
tential confounder in this study, was measured when par-
ticipants were 8 years old. Their teachers or a trained
carer assessed their verbal and nonverbal ability by admin-
istering the following tests: (1) 60-item nonverbal picture
logic and intelligence; (2) reading comprehension, consist-
ing of 35 sentences to be completed by choosing anelative study members’ age in years illustrate when outcome, exposure, and
s: BMI, body mass index; NART, National Adult Reading Test; SEP, socio-
1C, glycated hemoglobin (%).
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vocabulary based on the same 50 words. An overall cog-
nitive score was derived summing the standardized indi-
vidual test results. The 35 standard items of the Watts
Vernon Reading Test (sentence completion) was used at
age 26 years to assess verbal ability, with an additional
10 items of increased difficulty to avoid a ceiling effect
(maximum score 5 45) [19].
Consistent with previous studies [20,21] on adiposity and
cognitive function, we considered the following health,
lifestyle, and SEP confounders:
 Educational attainment by age 26 years in five cate-
gories ranging from no education to higher qualifica-
tions (degree or higher).
 Social class in six categories based on main occupation
between ages 26 and 43 years according to the Regis-
trar General system [22].
 Self-reported mental health at age 53 years using the
General Health Questionnaire-28 with a standard 4-
point scoring system (higher scores reflecting more
severe conditions) [23].
 Physical activity (none, 1–4 times a month, or more
than 4 times a month) defined as taking part in any
sports, exercises, or vigorous leisure activities in the
month preceding the interview at both 43 and 53
years.
 Lifetime smoking derived by combining questions
asked at each age from 20 to 53 years, and defined as
follows: 1, never smoked; 2, predominantly nonsmoker
(a nonsmoker for at least three data collections); 3, pre-
dominantly smoker (a smoker at four or more of the
data collections; 4, lifelong smoker (a smoker at all
available data collections).
 At the ages of 36, 43, and 53 years, participants com-
pleted food diaries over 5 days. Data were processed
by a program based on McCance and Widdowson’s
The Composition of Foods and Supplements [24] to ob-
tain mean percentage of kilocalories from fat con-
sumed at 36, 43, and 53 years.Table 1
Stages of covariate adjustment (ages at measurement)
Model 1 Model 2 Model 3
Previous BMI Previous BMI Previous BMI
Childhood IQ (8 years) Childhood IQ (8 ye
Education (26 years
SEP (15–53 years)
Abbreviations: BMI, body mass index; SEP, socioeconomic position; BP,
hemoglobin (%).
*Percent of kilocalories from fats. Systolic blood pressure and diastolic blood pressure
were measured at age 43 years using a Hawksley ran-
dom zero sphygmomanometer, and at age 53 years
by an Omron HEM-705 (Omron Corp., Tokyo, Japan)
automated digital oscillometric sphygmomanometer.
The second blood pressure reading was used for anal-
ysis, except in cases when only the first reading was
available.
 Total cholesterol (mmol/L), and glycated hemoglobin
(%) levels were assayed from a nonfasting venous
blood sample at 53 years [25].
2.3. Statistical analysis
On inspection, all outcome measures were approximately
normally distributed. We carried out descriptive statistics of
raw measures by gender and then standardized all measures
to obtain a mean equivalent to 0 and an SD equivalent to 1 to
allow direct comparisons. We used linear regression analysis
to assess the associations between BMI, separately at each
age from 15 to 53 years, and each cognitive test score at
age 43 and age 53 years, testing any departures from linear-
ity of the association by addition of a quadratic term. Stages
of covariate adjustment are shown in Table 1. Because the
NSHD data were collected at fixed ages, we were able to
test the effect of BMI change between consecutive follow-
ups by adjusting each BMI measure for the BMI measure
at the previous age (model 1). In a second set of models,
we adjusted for cognitive ability at age 8 years (model 2).
In three further sets of models, we added potential con-
founders (entered as continuous or categorical variables, as
appropriate, see previous text) to model 2 in three stages.
We adjusted for educational level and lifelong social class
(model 3); smoking, physical activity level, general health,
percent of kilocalories from fats (model 4); systolic and di-
astolic blood pressure at age 43 and 53 years and total cho-
lesterol level and glycated hemoglobin level at age 53 years
(model 5). To assess the association between BMI and cog-
nitive decline between 43 and 53 years, we reran the afore-
mentioned models as conditional models of change inModel 4 Model 5
Previous BMI Previous BMI
ars) Childhood IQ (8 years) Childhood IQ (8 years)
) Education (26 years) Education (26 years)
SEP (15–53 years) SEP (15–53 years)
Smoking (20–53 years) Smoking (20–53 years)
Exercise (43, 53HbA1) Exercise (43, 53 years)
GHQ (53 years) GHQ (53 years)
Diet* (36, 43, 53 years) Diet (36, 43, 53 years)
BP (43, 53 years)
Cholesterol (53 years)
HbA1C (53 years)
blood pressure; GHQ, General Health Questionnaire; HbA1C, glycated
Table 2
Characteristics of participants with complete data for all cognitive
measures, BMI measures at 43 and 53 years, and all covariates through
model 3 (education and SEP) (n* 5 2083)
Men Women
Education (at 26 years), n (%) n 5 1013 n 5 1070
No qualification 321 (31.7) 368 (34.4)
Vocational 64 (6.3) 102 (9.5)
Ordinary secondary 159 (15.7) 283 (26.5)
Advanced secondary 310 (30.6) 259 (24.2)
Higher 159 (15.7) 58 (5.4)
SEP (15–53 years), n (%) n 5 1013 n 5 1070
Professional 125 (12.3) 16 (1.5)
Intermediate 428 (42.3) 366 (34.2)
Nonmanual skilled 91 (9) 404 (37.8)
Manual skilled 282 (27.8) 72 (6.7)
Partly skilled 71 (7) 169 (15.8)
Unskilled 16 (1.6) 43 (4)
Smoking (20–53 years), n (%) n 5 989 n 5 1047
Never smoker 253 (25.6) 320 (30.6)
Predominantly nonsmoker 371 (37.5) 358 (34.2)
Predominantly smoker 225 (22.8) 212 (20.3)
Lifelong smoker 140 (14.2) 157 (15)
Exercise (43 years), n (%) n 5 1013 n 5 1070
None 460 (45.4) 585 (54.7)
1–4 times a month 161 (15.9) 152 (14.2)
41 times a month 392 (38.7) 333 (31.1)
Exercise (53 years), n (%) n 5 1013 n 5 1070
None 451 (44.5) 522 (48.8)
1–4 times a month 215 (21.2) 184 (17.2)
41 times a month 346 (34.2) 364 (34)
GHQ (53 years), mean (SD) (n) 17.9 (4.5)
(n 5 1004)
19.3 (5.4)
(n 5 1057)
% of kilocalories from fats
(36, 43, 53 years), mean (SD) (n)
41.5 (5.1)
(n 5 902)
42.3 (5.4)
(n 5 957)
Blood pressure (mm/Hg), mean (SD) n 5 1004 n 5 1050
Diastolic (43 years) 81.4 (11.4) 76.5 (11.4)
Systolic (43 years) 124.5 (15.1) 121 (15.6)
Diastolic (53 years) 87.1 (11.8) 82.2 (11.7)
Systolic (53 years) 139.6 (19.5) 132.8 (19.4)
Cholesterol (mmol/L) (53 years),
mean (SD) (n)
6 (1.1)
(n 5 891)
6.1 (1.1)
(n 5 920)
HbA1c (% of total serum hemoglobin)
(53 years), mean (SD) (n)
5.6 (0.7)
(n 5 897)
5.6 (0.6)
(n 5 920)
*Smaller sample sizes are reported as appropriate for covariates included
in models 4 and 5.
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Fig. 2. Mean BMI of men and women in the National Survey of Health and
Development by age.
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search speed scores at age 53 years for their corresponding
scores at age 43 years. Finally, to test the hypothesis that
lower BMI gain over the life course is associated with higher
cognitive reserve in midlife (53 years), we used the NART
score at age 53 years conditioned on the Watts–Vernon score
at age 26 years. At each age, the sample size for analysis was
based on available BMI data at a given age in those with
complete data for the specified cognitive outcome and com-
plete covariate data at that age (sample sizes at each age are
provided in Fig. 1 and in Supplementary Tables 1-3). Anal-
yses were conducted separately for men and women, after
significant gender ! BMI interactions. All analyses were
performed using STATA, 10th edition (STATA Corp., Col-
lege Station, TX) [26].3. Results
3.1. Study sample characteristics
The sample sizes for those interviewed at each age are re-
ported in Fig. 1. Overall, in the restricted sample of those
with complete data for all cognitive measures in midlife (n
5 2195), 67.3% also had complete data for BMI measures
at all ages. The characteristics of the restricted sample are
shown in Table 2 by gender. Mean BMI at all ages did not
differ between those with and without complete midlife cog-
nitive measures (all P values ..4). Those with complete
BMI information at all ages (n 5 1607) had similar scores
for memory at 43 years (P 5 .34) and for letter cancellation
accuracy at 43 years (P 5 .16) and 53 years (P 5 .66), but
higher scores for memory (P 5 .044), NART (P 5 .066),
and verbal fluency (P 5 .001) at 53 years and had a higher
mean childhood cognitive score (P, .001). BMI (kg/m2) in-
creased through adulthood, such that by age 53 years, mean
BMI exceeded the standard overweight threshold of 25 kg/
m2 in both men (27.4) and women (27.5) (Fig. 2).
3.2. BMI and midlife cognitive function
Each set of analysis was carried out on the sample of those
with complete data for the relevant BMI and midlife cogni-
tive measures and for all covariates added at stages to the un-
adjusted model (sample sizes are reported in detail in
Supplementary Tables 1-3). In the unadjusted models, BMI
was inversely associated with midlife memory, with few ex-
ceptions in men (BMI at age 15 years) and women (BMI at
age 15 years and 20 years) (Fig. 3A). When previous BMI
was adjusted (model 1), the magnitude of the inverse associ-
ations with memory slightly increased in both sexes for BMI
at age 20 and 26 years, was attenuated at the other ages, and
inverted at 53 years in men, when a direct cross-sectional as-
sociation between BMI and memory (b per SD increase in
BMI 5 0.12; 95% confidence interval [CI]: 0.01, 0.22)
emerged (Fig. 3; Supplementary Table 1). Associations
were further attenuated when we adjusted for childhood
Fig. 3. Regression coefficients (95% confidence interval [CI]) for the association between standardized cognitive scores of memory at age 53 years with mean
z scores of BMI at different ages. Estimates are from unadjusted model, model 1 (adjusted for previous BMI), and model 3 (model 1 plus childhood cognition,
education, and SEP). All analyses were carried out on the same sample with complete data on outcome, exposures, and covariates (see Supplementary Table 1).
A: Unadjusted model; B: Model 1 (adjusted for previous BMI); C: Model 3 (model 1 plus childhood cognition, education, and SEP).
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tion between high BMI and better memory at age 53 years
inmen (Supplementary Table 1).We found significant depar-
tures from linearity in women for BMI at age 26 years and 36
years in relation to memory at age 43 years (quadratic terms:
b520.05; 95% CI:20.09,20.01 and b520.04; 95% CI:
20.08, 20.01, respectively) and for BMI from age 20 to 53
years in relation to memory at 53 years, suggesting that the
unadjusted inverse associations between BMI and midlife
memory function were curvilinear. To investigate the pattern
of these relationships further, we entered BMI in the models
as a categorical variable (according to World Health Organi-
zation criteria). Overall, progressively fewer participants fell
into lower BMI categories with increasing age, such that by
age 53 years, only fourmen and fivewomen (0.3%of the total
sample) were underweight (BMI:,18.5) as opposed to 1030
(28.7%) at age 15 years. Lower memory scores at 53 yearswere associated with both extremes of BMI at age 53 years
in unadjusted models, such that compared with those having
a normal weight, womenwhowere underweight (b521.54;
95% CI: 22.52, 20.57) or obese (b 5 20.30; 95% CI:
22.52,20.57) had significantly worse memory, but the dif-
ference for the obese group associationswas no longer signif-
icant when we adjusted for BMI at 43 years (P 5 .46).
Unadjusted inverse associations between BMI and verbal
fluency at age 53 yearswere statistically significant inwomen
at all ages, except at 15 years, and in men at 36 years only
(Fig. 4); gender interaction terms were significant (at a level:
0.10) at age 26 years (P5 .066), 43 years (P5 .080), and 53
years (P 5 .007). The magnitude of these associations in
womenwas reducedwhen previousBMI (model 1) and child-
hood cognitive ability (model 2) were adjusted, with the sin-
gle exception of BMI at age 36 years, which remained
significant (Supplementary Table 1; Fig. 4). In men, the
Fig. 4. Regression coefficients (95%CI) for the association between standardized scores of verbal fluency at age 53 years with mean z scores of BMI at different
ages. Estimates are from unadjusted model, model 1 (adjusted for previous BMI), and model 3 (model 1 plus childhood cognition, education, and SEP). All
analyses are carried out on the same sample with complete data on outcome, exposures, and covariates (see Supplementary Table 1). A: Unadjusted; B: Model
1 (adjusted for previous BMI).
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justment for previousBMI and also remained significant after
adjustment for childhood cognitive ability (Supplementary
Table 1; Fig. 4); departures from linearity were statistically
significant in women for BMI at age 20 years (P , .001),
26 years (P5 .002), and 36 years (P5 .006). Using BMI cat-
egories, we found only a nonsignificant trend toward lower
verbal fluency scores among women who were underweight
at age 20, 26, and 36 years compared with those having nor-
mal weight, whereas we found greater, statistically signifi-
cant, lower verbal fluency scores among those overweight
at age 20 years (b 5 20.25; 95% CI: 20.49, 20.14) and
26 years (b 5 20.22; 95% CI: 20.42, 20.27), but not at
36 years (P 5 .133), and among those obese at 20 years (b
5 20.50; 95% CI: 20.99, 20.05), 26 years (b 5 20.65;
95% CI: 21.08, 20.23), and 36 years (b 5 20.40; 95%
CI: 20.67, 20.13), compared with those of normal weight.In both sexes, there were no associations between BMI at
any age and the letter cancellation (speed) tests at age 43
(data not shown) and 53 years (Supplementary Table 1) in
the unadjusted or adjusted models.
In the unadjustedmodels, onlyBMI in earlymidlifewas as-
sociatedwith steeper 10-year decline inmemory and attention
(decline in letter search speed).All effectswereweaker inmen
than in women, and were attenuated after adjusting for previ-
ous BMI (model 1) and childhood cognitive level (model 2),
with the single exception found in women for BMI at 15 years
and a 10-year decline in visual search accuracy (b 5 20.08;
95% CI:20.16,20.00) (Supplementary Table 2).3.3. BMI and midlife cognitive reserve
For men and women, we found similar patterns of inverse
associations for BMI at all ages and NART scores at age 53
E. Albanese et al. / Alzheimer’s & Dementia 8 (2012) 470–482476years (Fig. 5); gender interaction terms were not significant
at the 10% level. These associations remained significant at
20 and 26 years after adjusting for BMI at the previous age
(model 1) in both men and women, suggesting that higher
BMI gain at these ages is associated with lower cognitive re-
serve level in midlife (Supplementary Table 3; Fig. 5). When
childhood cognitive ability was also adjusted (model 2), in-
verse associations remained statistically significant for BMI
at 26 years and 36 years in women and for BMI at 36 years in
men. Associations in women were nonlinear, and quadratic
terms were significant for BMI at age 36 years (b 5
20.04; 95% CI: 20.08, 20.01) and 53 years (b 5 20.04;
95% CI: 20.08, 20.01). Further analyses using categorical
BMI showed that at age 53 years, both underweight (b
521.07; 95% CI: 21.95, 20.20) and obese (b 5 20.27;
95% CI: 20.40, 20.14) women had significantly lower
NART scores than women of normal weight. When we ad-Fig. 5. Regression coefficients (95% CI) for the association between standardized
Estimates are from unadjusted model, model 1 (adjusted for previous BMI), and m
are carried out on the same samplewith complete data on outcome, exposures, and c
for previous BMI); C: Model 3 (model 1 plus childhood cognition, education, andjusted for previous BMI and childhood intelligence, only
being underweight (b 5 21.49; 95% CI: 22.51, 20.46)
remained significantly associated with worse cognitive re-
serve. Conversely, there was no significant difference in
NART scores between those of normal weight and those
who were underweight at 36 years (P 5 .607) and 43 (P 5
.651) years, and those who were overweight at 43 years
(P 5 .238) and 53 years (P 5 .714). Women who were
overweight at 36 years and obese at 36, 43, and 53 years
had lower NART scores than those of normal weight (all
P values ,.001).
In women only, there was an association between higher
BMI gain at 36 years and lower enhancement of cognitive re-
serve, as measured by conditioning NART scores on verbal
ability at age 26 years and adjusting for childhood intelli-
gence (model 2) (b per SD increase in BMI 520.06; 95%
CI: 20.12, 0.00) (Supplementary Table 3).NART scores at age 53 years with mean z scores of BMI at different ages.
odel 3 (model 1 plus childhood cognition, education, and SEP). All analyses
ovariates (see Supplementary Table 3). A: Unadjusted; B:Model 1 (adjusted
SEP).
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characteristics
The association between BMI gain from 43 to 53 years
and memory at 53 years was unchanged after additional ad-
justment for educational attainment and life course SEP
(model 3). The magnitude of the associations between
BMI change at 36 years and memory at 43 years and 53
years in men, and between BMI change at 26 years and
memory at 53 years in women, was attenuated and no lon-
ger statistically significant (Supplementary Table 1; Fig. 3).
We observed comparable attenuating effects of education
and SEP on the associations between BMI and verbal flu-
ency (Supplementary Table 1) and the NART, such that
higher BMI gain at 36 years was no longer predictive of
lower NART scores at 53 years (Supplementary Table 3).
Only underweight women at age 53 years (b 5 21.40;
95% CI: 22.35, 20.42) had independent significantly
lower NART scores than women of normal weight.
In model 4, we additionally adjusted for physical activity
level at age 43 and 53 years, self-reportedmental and general
health (General Health Questionnaire scores), diet (% of ki-
localories from fats), and smoking habit, after which higher
BMI change at 36 years was associated with lower memory
scores at age 53 years in men (b per SD increase in BMI 5
20.09; 95% CI: 20.18, 20.01), and higher BMI change at
53 years was still associated with better memory (b 5 0.12;
95% CI: 0.01, 0.24); all associations between BMI and the
NART (P . .295) and verbal fluency (P . .259) were non-
significant. The effect of confounders included in model 4
was marked in women, and none of the associations between
BMI at 26 years and memory at 53 years (P 5 .147), the
NART (P 5 .228), and verbal fluency (P 5 .112) remained
significant (data not shown).
Finally, when we additionally adjusted for blood pressure
(at 43 and 53 years), cholesterol level, and glycated hemo-
globin at age 53 years (model 5), the associations between
BMI change at 36 years and memory at 53 years (P 5
.244) and the NART (P 5 .388) were no longer significant
in men, but the direct association between high BMI gain
and higher memory scores at age 53 years was unchanged
in men (b5 0.12; 95% CI: 0.03, 0.24). The associations be-
tween high BMI gain at 36 years and lower NART scores
(b 5 20.09; 95% CI: 20.17, 20.01) became statistically
significant in women, as did associations between high
BMI gain at 36 years and lower verbal fluency in women
(b 5 20.11; 95% CI: 20.21, 20.02) and men (b 5
20.12; 95% CI: 20.23, 20.01).4. Discussion
In a representative British birth cohort study, BMI gain
before midlife was associated with lower cognitive function
in midlife independently of childhood cognitive function.
However, these associations were largely explained by edu-
cational attainment and SEP. Conversely, BMI gain in mid-life in men and women at age 53 years was associated with
better memory at the same age, independent of aforemen-
tioned covariates, midlife vascular risk factors, and health
and lifestyle characteristics.
There are limitations to our study. Loss to follow-up was
more likely among those who were socially disadvantaged.
However, the sample remained fairly representative of the
national population of a similar age [16], and the modest dif-
ferences in the distributions of the exposure (BMI) and the
cognitive outcomes between those with complete and in-
complete data suggest it would be unlikely that this would
qualitatively alter our general findings. Next, at age 20 and
26 years, weight and height were self-reported. Although
BMI measures at these ages may not be entirely consistent
with those at other ages, it should be appreciated that height
changes very little, if at all, up to mid-adulthood, and that
self-reported weight is either fairly reliable or underesti-
mated [27].
In general, previous studies on adiposity and cognitive
function are based on samples of older adults (651) and
are extremely heterogeneous in their design and outcome
measures [28]. Some were cross-sectional [29–31], had
small sample sizes [32,33], or had measured exposure
(BMI/adiposity) only in older age [34–36]. Because our
main findings refer to BMI gain rather than absolute BMI
levels, comparisons with other studies are difficult to make.
However, the absence of association between BMI gain and
cognitive function in the present study after adjusting for
relevant confounding factors, including educational level
and SEP, is consistent with prospective studies reporting
that overweight and obesity in midlife are not associated
with verbal memory [36] and dementia [37] in old age. To
our knowledge, there are only two other studies that have in-
vestigated the longitudinal effect of BMI from early midlife
on cognitive function, the Whitehall II study in the United
Kingdom [13] and theVieillissement et Sante’ auTravail (ag-
ing and health at work; VISAT) study in France [14]. Again,
findings are not easily comparable, as results from the former
were not stratified by gender, BMI at 25 years was self-
reported several years later, and the study was based on abso-
lute BMI rather thanBMI change over time.Our study design
is similar to and results are broadly consistent with the latter
study. Although in the VISAT study childhood intelligence
was not controlled for, there were no associations between
BMI gain and cognitive performance when previous body
size was adjusted and education and SEP were taken into ac-
count. These findings regarding the absence of an association
between BMI gain in younger adulthood and memory scores
inmidlife are somewhat consistentwith the similar lack of as-
sociation between BMI early in life and dementia in old age
found in the Prospective Population Study ofWomen in Swe-
den [11], but not with longitudinal evidence from the Kaiser
Permanente medical care program in California, in which
high BMI in early midlife conferred higher dementia risk
[38]. In fact, in our study, men with higher BMI gain between
ages 43 and 53 years had bettermemory, and both extremes of
E. Albanese et al. / Alzheimer’s & Dementia 8 (2012) 470–482478absolute BMI measures were associated with better memory
function in women. These results must be interpreted with
caution and deserve further investigation; however, they
are, to some extent, consistent with the U-shaped association
between BMI and lower cognitive function in late midlife re-
ported in the Chicago Health and Aging Project (CHAP)
study [35], and they seem to support the notion that lower
cognitive function in midlife may lead to weight loss (and
hence lower BMI), consistent with the previously reported
association between Alzheimer’s disease and leptin, which
promotes weight loss [39].
Because obesity is a component of the metabolic syn-
drome, our results seem inconsistent, with several studies
suggesting that this syndrome is a risk factor for cognitive
decline and dementia. However, these studies are typically
based on older populations than NSHD, and also suggest
that the metabolic syndrome is a risk factor for cognitive de-
cline only in those with elevated inflammation [40].
There are different findings for the four cognitive tests we
used. There was no association between high adiposity at
any age and the letter cancellation test. This is consistent
with findings on BMI and selective attention test scores in
the VISAT study [14] but somewhat discordant with the Fra-
minghamOffspring [37] and theMaine–Syracuse Study [29]
findings on a visuospatial test, namely, the B condition of the
trail-making test [41]. However, while the test we applied is
mainly sensitive to focal lesions and spatial neglect and is lit-
tle affected by education [42], the trail B test requires effi-
cient executive function, which decreases with age;
therefore, it is possible that the relatively young age of par-
ticipants explains the discrepancy. Memory measures are
sensitive to cognitive decline since early midlife [43] and
are the best discriminators of presymptomatic dementia
[44]. The life course trend observed for BMI and memory
was also observed for verbal fluency, ostensibly consistent
with previous findings [45], although the associations be-
tween BMI gain at every age and this outcome were ex-
plained by the covariates. The same trend was also found
for the NART, which, as a measure of cognitive “reserve”
[46], might have been expected to augment in those with
lower BMI gain during earlier adulthood, and has not previ-
ously been investigated in this context. Again, however,
these associations were explained by the covariates.5. Conclusion
The strengths of our study are the representativeness of
our sample, which allows us to generalize our findings
with confidence to similar populations, and the unique avail-
ability of measures of body size from early adulthood, along
with valid and reliable tests of cognitive functions measured
at two time points in midlife. Thus, the life course perspec-
tive offers an ideal approach to the association between ad-
iposity and dementia [47]. From this strong vantage point,
results from the 1946 British birth cohort study offer no ev-
idence that weight gain up to early midlife is inversely andindependently associated with subsequent cognitive func-
tion. However, they provide intriguing evidence that weight
gain in later midlife may be protective in this respect. Further
studies to elucidate potential mechanisms underlying this
latter effect are clearly warranted.Acknowledgments
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Supplementary Table 1
Regression coefficients (95% CI) for the association between cognitive function at age 53 years and unit increase in BMI at all ages
Body size
Sample size* Model 1y Model 2z Model 3x
Men Women Men Women Men Women Men Women
Immediate-recall verbal memory at 43 years
BMI 15 948 989 20.06 (20.16, 0.03) 20.09 (20.19, 0.01) 20.06 (20.15, 0.03) 20.08 (20.17, 0.01) 20.04 (20.12, 0.05) 20.03 (20.12, 0.06)
BMI 20 799 870 20.10 (20.19, 20.01) 20.17 (20.26, 20.07) 20.03 (20.12, 0.05) 20.08 (20.16, 0.01) 20.01 (20.09, 0.06) 20.07 (20.15, 0.01)
BMI 26 857 956 20.12 (20.22, 20.01) 20.15 (20.25, 20.05) 20.06 (20.15, 0.04) 20.07 (20.16, 0.02) 20.02 (20.10, 0.07) 20.01 (20.09, 0.08)
BMI 36 955 1042 20.12 (20.22, 20.03) 20.04 (20.13, 0.06) 20.12 (20.20, 20.03) 20.05 (20.14, 0.03) 20.08 (20.16, 0.01) 0.00 (20.09, 0.08)
BMI 43 1046 1119 0.00 (20.12, 0.12) 20.10 (20.21, 0.01) 0.03 (20.08, 0.13) 20.05 (20.15, 0.05) 0.04 (20.07, 0.14) 20.06 (20.15, 0.04)
Immediate-recall verbal memory at 53 years
BMI 15 1037 1068 20.01 (20.11, 0.06) 20.04 (20.13, 0.06) 20.02 (20.11, 0.06) 20.04 (20.13, 0.04) 20.01 (20.09, 0.07) 20.01 (20.07, 0.09)
BMI 20 869 937 20.12 (20.21, 20.03) 20.16 (20.25, 20.07) 20.03 (20.11, 0.05) 20.06 (20.13, 0.02) 0.00 (20.08, 0.08) 20.05 (20.12, 0.03)
BMI 26 918 1026 20.12 (20.23, 20.02) 20.21 (20.30, 20.11) 20.06 (20.15, 0.03) 20.12 (20.20, 20.04) 20.03 (20.11, 0.06) 20.05 (20.13, 0.02)
BMI 36 1014 1108 20.11 (20.20, 20.02) 0.00 (20.10, 0.09) 20.11 (20.19, 20.02) 20.02 (20.10, 0.06) 20.07 (20.15, 0.01) 0.03 (20.04, 0.11)
BMI 43 1173 1148 20.04 (20.16, 0.07) 20.09 (20.20, 0.02) 20.02 (20.12, 0.09) 20.04 (20.14, 0.05) 20.03 (20.13, 0.08) 20.05 (20.14, 0.05)
BMI 53 1151 1222 0.12 (0.01, 0.22) 20.01 (20.11, 0.09) 0.12 (0.03, 0.22) 20.02 (20.11, 0.07) 0.12 (0.03, 0.22) 0.01 (20.08, 0.09)
Verbal fluency at 53 years
BMI 15 1059 1087 20.04 (20.13, 0.05) 20.06 (20.16, 0.03) 20.04 (20.13, 0.04) 20.07 (20.16, 0.02) 20.04 (20.13, 0.05) 20.04 (20.13, 0.05)
BMI 20 885 949 20.01 (20.1, 0.08) 20.09 (20.18, 0.00) 0.05 (20.03, 0.13) 20.03 (20.11, 0.06) 0.06 (20.02, 0.15) 20.02 (20.11, 0.06)
BMI 26 930 1038 20.04 (20.14, 0.05) 20.09 (20.18, 0.01) 0.00 (20.09, 0.10) 20.03 (20.12, 0.06) 0.02 (20.08, 0.11) 0.02 (20.08, 0.11)
BMI 36 1029 1127 20.10 (20.19, 20.01) 20.10 (20.19, 20.01) 20.10 (20.18, 20.01) 20.11 (20.20, 20.02) 20.08 (20.17, 0.00) 20.07 (20.15, 0.02)
BMI 43 1092 1168 0.04 (20.08, 0.15) 20.03 (20.14, 0.08) 0.05 (20.05, 0.16) 0.00 (20.10, 0.10) 0.05 (20.06, 0.16) 20.02 (20.12, 0.09)
BMI 53 1171 1242 0.07 (20.04, 0.18) 20.02 (20.12, 0.08) 0.08 (20.02, 0.18) 20.04 (20.13, 0.06) 0.09 (20.02, 0.19) 20.01 (20.1, 0.08)
Letter cancellation speed at 53 years
BMI 15 942 992 20.03 (20.13, 0.07) 20.02 (20.12, 0.08) 20.03 (20.13, 0.06) 20.03 (20.12, 0.07) 20.02 (20.12, 0.07) 20.01 (20.11, 0.08)
BMI 20 853 915 20.03 (20.11, 0.06) 20.01 (20.11, 0.08) 0.00 (20.09, 0.09) 0.01 (20.08, 0.1) 0.01 (20.08, 0.1) 0.01 (20.08, 0.11)
BMI 26 911 1008 20.07 (20.17, 0.03) 20.04 (20.14, 0.06) 20.04 (20.15, 0.06) 20.02 (20.11, 0.08) 20.03 (20.13, 0.07) 20.01 (20.11, 0.09)
BMI 36 1001 1094 20.05 (20.14, 0.05) 20.02 (20.11, 0.08) 20.04 (20.14, 0.05) 20.02 (20.11, 0.07) 20.02 (20.12, 0.07) 20.02 (20.11, 0.08)
BMI 43 1055 1130 20.09 (20.21, 0.03) 20.11 (20.22, 0.00) 20.08 (20.2, 0.04) 20.09 (20.2, 0.02) 20.08 (20.2, 0.04) 20.09 (20.2, 0.02)
BMI 53 1129 1195 20.02 (20.13, 0.09) 0.02 (20.08, 0.12) 20.01 (20.12, 0.09) 0.02 (20.08, 0.12) 20.03 (20.13, 0.08) 0.02 (20.08, 0.12)
Abbreviations: BMI, body mass index; SEP, socioeconomic position; 95% CI, 95% confidence interval.
NOTE. Positive coefficients represent better cognitive function.
*Analyses are carried out on the same sample with complete data on all relevant variables at each follow-up.
yAdjusted for BMI at previous follow-up (BMI at age 15 years is adjusted for BMI at age 11 years).
zModel 1 plus childhood cognitive ability at age 8 years.
xModel 2 plus education attainment and lifelong SEP.
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Supplementary Table 2
Regression coefficients (95% CI) representing rate of cognitive decline per SD increase of BMI
Sample size* Model 1y Model 2z Model 3x
Men Women Men Women Men Women Men Women
10-year memory decline
BMI 15 937 973 0.01 (20.05, 0.07) 20.03 (20.08, 0.03) 20.01 (20.06, 0.05) 20.04 (20.09, 0.01) 20.02 (20.07, 0.03) 20.05 (20.10, 0.00)
BMI 20 791 858 20.04 (20.11, 0.03) 20.07 (20.14, 0.00) 20.01 (20.08, 0.06) 20.04 (20.11, 0.03) 0.01 (20.07, 0.08) 20.04 (20.11, 0.03)
BMI 26 850 941 20.05 (20.13, 0.03) 20.08 (20.15, 0.00) 20.03 (20.11, 0.04) 20.05 (20.12, 0.02) 20.02 (20.10, 0.06) 20.02 (20.10, 0.05)
BMI 36 944 1023 20.04 (20.11, 0.04) 0.03 (20.05, 0.10) 20.04 (20.11, 0.03) 0.02 (20.05, 0.08) 20.02 (20.10, 0.05) 0.04 (20.03, 0.11)
BMI 43 1033 1099 20.06 (20.15, 0.04) 20.03 (20.11, 0.05) 20.04 (20.13, 0.05) 20.01 (20.09, 0.07) 20.06 (20.15, 0.03) 20.01 (20.09, 0.07)
10-year visual search decline
BMI 15 877 923 20.02 (20.1, 0.07) 20.01 (20.1, 0.08) 20.01 (0.73, 20.1) 20.01 (0.77, 20.1) 20.01 (0.76, 20.1) 20.01 (0.8, 20.1)
BMI 20 797 852 20.02 (20.1, 0.05) 20.01 (20.1, 0.07) 20.01 (0.82, 20.08) 0.00 (0.95, 20.08) 20.01 (0.88, 20.08) 0.00 (0.95, 20.08)
BMI 26 853 937 20.06 (20.14, 0.03) 0.00 (20.09, 0.08) 20.04 (0.33, 20.13) 0.01 (0.79, 20.08) 20.04 (0.39, 20.13) 0.01 (0.8, 20.08)
BMI 36 946 1022 0.00 (20.08, 0.08) 0.01 (20.07, 0.09) 0.00 (0.95, 20.08) 0.00 (0.91, 20.08) 0.00 (0.94, 20.08) 0.00 (0.93, 20.08)
BMI 43 1031 1095 20.05 (20.16, 0.05) 20.05 (20.14, 0.05) 20.05 (0.32, 20.15) 20.04 (0.44, 20.13) 20.05 (0.29, 20.16) 20.04 (0.43, 20.13)
NOTE. Positive coefficients indicate slower decline.
*Analyses are carried out on the same sample with complete data on all relevant variables at each follow-up.
yAdjusted for earlier BMI as appropriate.
zModel 1 plus childhood cognitive ability at age 8 years.
xModel 2 plus education attainment and lifelong SEP.
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Supplementary Table 3
Regression coefficients (95% CI) for the associations between unit increase in BMI and NART scores at 53 years, and NART scores at 53 years conditioned to verbal ability scores obtained at age 26 years
Sample size* Model 1y Model 2z Model 3x
Men Women Men Women Men Women Men Women
NART score at 53 years
BMI 15 1015 1050 20.05 (20.15, 0.04) 20.07 (20.17, 0.03) 20.07 (20.14, 0.01) 20.08 (20.16, 0.01) 20.05 (20.12, 0.02) 20.05 (20.12, 0.02)
BMI 20 851 920 20.15 (20.24, 20.06) 20.19 (20.28, 20.1) 20.03 (20.1, 0.04) 20.06 (20.13, 0.01) 20.02 (20.08, 0.05) 20.05 (20.11, 0.01)
BMI 26 897 1007 20.11 (20.21, 20.01) 20.18 (20.27, 20.08) 20.03 (20.1, 0.05) 20.07 (20.14, 0.00) 0.01 (20.06, 0.09) 20.01 (20.07, 0.06)
BMI 36 983 1087 20.09 (20.18, 0.01) 20.06 (20.15, 0.03) 20.08 (20.15, 0.00) 20.08 (20.15, 20.01) 20.04 (20.11, 0.03) 20.03 (20.09, 0.04)
BMI 43 1046 1125 20.07 (20.19, 0.04) 20.09 (20.2, 0.02) 20.04 (20.13, 0.05) 20.04 (20.12, 0.05) 20.05 (20.13, 0.04) 20.04 (20.12, 0.04)
BMI 53 1121 1199 0.05 (20.05, 0.16) 0.02 (20.08, 0.12) 0.07 (20.02, 0.15) 0.00 (20.07, 0.08) 0.04 (20.04, 0.12) 0.03 (20.04, 0.10)
27-year enhancement in NART score{
BMI 15 924 976 20.02 (20.07, 0.03) 0.00 (20.05, 0.05) 20.03 (20.08, 0.01) 20.02 (20.06, 0.03) 20.04 (20.08, 0.01) 20.02 (20.07, 0.03)
BMI 20 787 866 20.05 (20.12, 0.01) 20.05 (20.11, 0.01) 20.03 (20.09, 0.03) 20.03 (20.09, 0.03) 20.03 (20.09, 0.03) 20.03 (20.09, 0.03)
BMI 26 897 1006 0.01 (20.07, 0.08) 20.07 (20.13, 0.00) 0.01 (20.05, 0.08) 20.05 (20.11, 0.01) 0.03 (20.04, 0.09) 20.02 (20.08, 0.04)
BMI 36 983 1086 0.00 (20.07, 0.07) 20.04 (20.1, 0.02) 20.02 (20.08, 0.04) 20.06 (20.12, 0.00) 20.01 (20.07, 0.05) 20.03 (20.09, 0.03)
BMI 43 979 1067 20.05 (20.14, 0.04) 20.03 (20.11, 0.05) 20.03 (20.12, 0.05) 20.01 (20.09, 0.06) 20.04 (20.12, 0.04) 20.01 (20.09, 0.06)
Abbreviation: NART, National Adult Reading Test.
NOTE. Negative coefficients represent lower level “cognitive reserve” level at age 53 years or of enhancement between 26 and 53 years.
*Analyses are carried out on the same sample with complete data on all relevant variables at each follow-up.
yAdjusted for earlier BMI as appropriate.
zModel 1 plus childhood cognitive ability at age 8 years.
xModel 2 plus education attainment and lifelong SEP.
{These models are conditioned to verbal ability scores at age 26 years measured by means of the Watts–Vernon Reading Test.
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